To assess the possible relationship between an increase in progesterone concentration in cerebrospinal fluid (CSF) and enhancement of spread of spinal anaesthesia, we have measured CSF progesterone concentrations in 134 patients undergoing spinal anaesthesia with hyperbaric amethocaine 8 mg. Patients were allocated to one of five groups according to the gestational period: non-pregnant group (n ϭ 13), first trimester group (8-12 weeks, n ϭ 16), second trimester group (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) weeks, n ϭ 18), third trimester group (25-36 weeks, n ϭ 38) and term group (37-41 weeks, n ϭ 49). Progesterone concentration in CSF was higher in the third trimester and term groups than in the non-pregnant, first trimester and second trimester groups. Maximum cephalad spread of analgesia was higher in the second trimester, third trimester and term groups than in the non-pregnant and first trimester groups. Although an increase in CSF progesterone concentration in the second trimester group was similar in magnitude to that observed in the first trimester group, enhanced spread of spinal anaesthesia, comparable in magnitude with that observed in the term group, occurred in the second trimester group. There was no significant correlation between CSF progesterone concentration and spread of spinal anaesthesia in any of the groups. These data suggest that not only a minimum level of progesterone in CSF but also a certain duration of exposure to elevated CSF progesterone concentrations may be necessary Pregnancy enhances the spread of spinal anaesthesia [1, 2] , not only during the later stage of pregnancy but also during the second trimester [3] . The enhanced spread during the later stage of pregnancy has been attributed to mechanical factors, such as distension of extradural veins caused by obstruction of the inferior vena cava by the gravid uterus [2, 4] and changes in the curvature of the spinal column [5] . However, the gravid uterus during the second trimester of pregnancy is not large enough to obstruct the inferior vena cava or affect the curvature of the spinal column. Therefore, non-mechanical factors, notably hormonal changes during pregnancy, are thought to be likely mechanisms enhancing the spread of spinal anaesthesia during the second trimester [3, 6] .
To assess the possible relationship between an increase in progesterone concentration in cerebrospinal fluid (CSF) and enhancement of spread of spinal anaesthesia, we have measured CSF progesterone concentrations in 134 patients undergoing spinal anaesthesia with hyperbaric amethocaine 8 mg. Patients were allocated to one of five groups according to the gestational period: non-pregnant group (n ϭ 13), first trimester group (8) (9) (10) (11) (12) weeks, n ϭ 16), second trimester group (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) weeks, n ϭ 18), third trimester group (25-36 weeks, n ϭ 38) and term group (37-41 weeks, n ϭ 49). Progesterone concentration in CSF was higher in the third trimester and term groups than in the non-pregnant, first trimester and second trimester groups. Maximum cephalad spread of analgesia was higher in the second trimester, third trimester and term groups than in the non-pregnant and first trimester groups. Although an increase in CSF progesterone concentration in the second trimester group was similar in magnitude to that observed in the first trimester group, enhanced spread of spinal anaesthesia, comparable in magnitude with that observed in the term group, occurred in the second trimester group. There was no significant correlation between CSF progesterone concentration and spread of spinal anaesthesia in any of the groups. These data suggest that not only a minimum level of progesterone in CSF but also a certain duration of exposure to elevated CSF progesterone concentrations may be necessary for enhancement of Pregnancy enhances the spread of spinal anaesthesia [1, 2] , not only during the later stage of pregnancy but also during the second trimester [3] . The enhanced spread during the later stage of pregnancy has been attributed to mechanical factors, such as distension of extradural veins caused by obstruction of the inferior vena cava by the gravid uterus [2, 4] and changes in the curvature of the spinal column [5] . However, the gravid uterus during the second trimester of pregnancy is not large enough to obstruct the inferior vena cava or affect the curvature of the spinal column. Therefore, non-mechanical factors, notably hormonal changes during pregnancy, are thought to be likely mechanisms enhancing the spread of spinal anaesthesia during the second trimester [3, 6] .
Progesterone concentration in cerebrospinal fluid (CSF) has been measured in term pregnant and postpartum patients [7] . However, there are no measurements of CSF progesterone concentrations in patients during the early or middle stage of pregnancy. The present study was performed to see if an increase in CSF progesterone concentration correlated with enhancement of spread of spinal anaesthesia at various stages of pregnancy. In addition, we compared these variables between singleton and twin pregnancies.
Patients and methods
The study was approved by the Hospital Ethics Committee and informed consent was obtained from all patients. We studied 13 non-pregnant women, 81 singleton and 40 twin pregnancies. Operative procedures included arthroscopic operation on the knee, procedures for cervical incompetency and Caesarean section. All patients, ASA I, were without major health problems and had no contraindications to spinal anaesthesia. No patient was receiving oral contraceptives. The patients were allocated to one of five groups according to their gestational period: non-pregnant group (13 non-pregnant women), first trimester group (8-12 weeks, 14 singletons and two twins), second trimester group (13-24 weeks, 13 singletons and five twins), third trimester group (25-36 weeks, 14 singletons and 24 twins) and term group (37-41 weeks, 40 singletons and nine twins).
None of the patients was premedicated. Patients were placed in the lateral position on a horizontal operating table. Under aseptic conditions, lumbar puncture was performed at the L3-4 interspace with a 25-gauge Quincke needle using a midline approach. The needle was inserted with its bevel oriented parallel to the dural fibres and then rotated 90 to direct the bevel cephalad. To determine progesterone concentration in CSF, 1 ml of CSF was withdrawn just before administration of the anaesthetic drug. The CSF samples were centrifuged rapidly and stored at 920 °C until assay. . Concentrations less than the limit of detection were taken as 0 ng ml
Comparisons between the five groups were made by ANOVA followed by the Scheffé F test for parametric data, and the Kruskal-Wallis followed by the Mann-Whitney U tests for non-parametric data. Comparisons between singleton and twin pregnancies were made by Student's t test for parametric data and the Mann-Whitney U test for nonparametric data. Correlation between CSF progesterone concentration and maximum cephalad spread of analgesia was evaluated by Spearman rank correlation coefficient. P Ͻ 0.05 was considered to be significant.
Results
There were no differences in age or height between the five groups. Weight was greater in the third trimester and term groups than in the non-pregnant, first trimester and second trimester groups (table 1) . There were no differences in age, height and weight between singleton and twin pregnancies (table 2) .
Progesterone concentration in CSF was higher in the third trimester and term groups than in the nonpregnant, first trimester and second trimester groups (table 3). In the third trimester group, CSF progesterone was higher in twin pregnancies than in 1 ) and a small, non-significant increase in CSF progesterone concentration was observed during the early and middle stages of pregnancy. However, the increase in CSF progesterone concentration during the middle stage of pregnancy was similar in magniude to that observed during the early stage of pregnancy. CSF progesterone concentration increased significantly in the later stages of pregnancy. Maximum cephalad spread of analgesia was higher in the second trimester, third trimester and term groups than in the non-pregnant and first trimester groups (table 3) . Maximum cephalad spread of analgesia did not differ between singleton and twin pregnancies in any of the groups (table 4) . Maximum cephalad spread of analgesia was plotted against gestational week ( fig. 2 ). There was wider cephalad spread of analgesia not only in the later stages of pregnancy but also in the middle stage of pregnancy.
There was no significant correlation between CSF progesterone concentration and maximum cephalad spread of analgesia in any of the groups (fig. 3) .
Discussion
We have shown that an increase in CSF progesterone concentration during the second trimester of pregnancy was similar in magnitude to that observed during the first trimester of pregnancy, whereas enhancement of spread of spinal anaesthesia occurred only during the second trimester of pregnancy. This suggests that not only a minimum level of progesterone in CSF but also prolonged duration of exposure to elevated progesterone concentrations may be necessary for enhancement of spread of spinal anaesthesia. In addition, we have demonstrated that there was no significant correlation between CSF progesterone concentration and spread of spinal anaesthesia at any stage of pregnancy, and that with respect to parturients during the third trimester of pregnancy, the spread of spinal anaesthesia did not differ between singleton and twin pregnancies in spite of significantly higher concentrations in CSF progesterone in parturients with twin pregnancies compared with those with singleton pregnancies. These data suggest that values of CSF progesterone concentration do not correlate directly with enhancement of spread of spinal anaesthesia.
The mechanism of enhanced spread of spinal anaesthesia in pregnant women has not been clearly elucidated. Possible explanations include mechanical and non-mechanical factors. Mechanical factors, including distension of extradural veins caused by obstruction of the inferior vena cava by the gravid uterus resulting in decreased volume of subarachnoid space [2, 4] , venous distension secondary to increased blood volume associated with pregnancy [8] and changes in the curvature of the spinal column during pregnancy [5] may contribute to enhanced spread of spinal anaesthesia at term. However, in the early or middle stage of pregnancy, mechanical factors are probably inadequate to explain enhanced spread that is similar in magnitude to that observed at term.
Unlike mechanical factors, non-mechanical factors, including an increase in progesterone concentration during pregnancy, that may alter the susceptibility of the nerve to local anaesthetics [7] and other biochemical changes that may alter neural responses to local anaesthetics [6] , have been suggested as reasons for enhanced spread of spinal anaesthesia during the early and middle stages of pregnancy.
An increase in progesterone during pregnancy is thought to be the most probable reason for increased sensitivity to local anaesthetics [9, 10] . It is known from many studies that progesterone affects electrical excitability in the central and peripheral nervous system in both animals and humans. Large doses of steroids, including progesterone and pregnanediol, were reported to have anaesthetic effects [11, 12] . Progesterone raises the electroshock seizure threshold [13] and protects against induced convulsions [14] . The threshold of cortical EEG arousal on direct stimulation of the hypothalamus is greatly increased by progesterone [15] . An increased threshold to painful stimulus is observed in ovariectomized rats treated with progesterone [16] . Isolated vagus nerves from pregnant rabbits or from rabbits chronically treated with progesterone are significantly more sensitive to bupivacaine-induced conduction block [9, 17] . The median nerve of women during the third trimester pregnancy is more susceptible to block by lignocaine than that of nonpregnant women [10] . Finally, chronic parenteral progesterone treatment increases the sensitivity of peripheral nerves, and also the heart, to the effects of bupivacaine [18] .
Although increased concentrations of progesterone associated with pregnancy are most likely to be the reason for pregnancy-induced reductions in the concentration of local anaesthetic required to produce the conduction block, the cellular mechanism of this effect is unclear. The mechanisms which may be involved include direct effects on membrane excitability [19] [20] [21] [22] [23] , indirect actions on neurotransmitters, increased permeability of the neural sheath [24] and potentiation of the analgesic effect of endogenous opioids [25] [26] [27] . Recently, it has become increasingly clear that progesterone can produce acute effects separate from its hormonal activity. A major progesterone metabolite, 5 -pregnane-3 -ol-20-one, hyperpolarizes nerve cells in vitro in spite of the fact that this compound is devoid of hormonal activity [28] [29] [30] . This effect is thought to be the result of the ability of progesterone to potentiate ␥-aminobutyric acid (GABA)-mediated increases in chloride ion conductance [31, 32] .
This study has revealed a time lag between an increase in CSF progesterone concentration and development of pregnancy-induced enhanced spinal anaesthesia. This observation is supported by an in vitro study. Bader and colleagues [33] investigated the acute effects of progesterone administration on neural block induced by bupivacaine and found that acute exposure did not increase the sensitivity of nerves to bupivacaine. The period for development of increased sensitivity of nerves to local anaesthetics is suggested to be from 4 days to 4 weeks in in vitro studies [9, 17] . Our data suggest that the period of exposure to elevated progesterone concentrations in CSF, necessary for development of increased sensitivity, may be at least 3-4 months in clinical anaesthesia.
Datta and colleagues [7] measured plasma and CSF progesterone concentrations in non-pregnant, term pregnant and post partum patients. They observed that CSF progesterone concentration at term and post partum was eight and three times, respectively, greater than that in non-pregnant women. They reported a significant (r ϭ 90.6, P ϭ 0.03) relationship between lignocaine dose requirement and CSF progesterone concentration. We could not find any relationship between CSF progesterone concentration and maximum cephalad spread of analgesia. The reasons for the difference between the study of Datta and colleagues and ours are unclear, but may be related to the fact that they evaluated non-pregnant, term pregnant and postpartum patients, and mechanical factors might be expected to play a significant role in enhancement of spread of spinal anaesthesia at term. In contrast, we evaluated the relationship separately at each stage of pregnancy in order to exclude the influence of mechanical factors.
It has been observed that the ratios of the concentration of total progesterone in plasma and in CSF are 6 : 1 in non-pregnant, 40 : 1 in term pregnant and 16 : 1 in postpartum patients. The ratios of the concentration of unbound progesterone between plasma and CSF decrease to 2 : 1 in non-pregnant, 15 : 1 in term pregnant and 6 : 1 in postpartum patients [7] . Thirty percent of the total progesterone in CSF is unbound [7] . The unbound progesterone may be the biologically active moiety. In this study we measured total CSF progesterone. It is not known what percentage of total CSF progesterone is unbound in patients during the early or middle stage of pregnancy.
Finally, in this study we did not find any difference in maximum cephalad spread of analgesia between singleton and twin pregnancies in any group. Our data were not in accordance with those of Jawan and colleagues [34] . They reported a significantly greater spread of analgesia in parturients with twin pregnancies compared with those with singleton pregnancies. However, Jawan and colleagues noted that maternal weight was significantly greater in twin pregnancies while we found no difference between singleton and twin pregnancies.
